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Abstract: We investigate the Aharonov-Bohm (AB) magneto-optical 
(MO) spectroscopy and the photoluminescence (PL) of excitons in 
semiconductor nano rings in the presence of Rashba and 
Dresselhaus spin-orbit interactions (SOI). With SOI, a blue shift is 
found for bright exciton region, in which PL intensity is rather 
depressed in subtle intervals due to spin conservation. The detection 
of AB effect represents a coherent circulation of excitons which may 
sustain dipole induced persistent charge and spin currents in the 
presence of SOIs. The system provides a prototype of a quantum 
switch and a current generator via coherent control of excitons in 
dark and bright regions.  

 
1. Introduction 

More recently, the success on self-assembled formation of 
concentric quantum double rings (QDR) [1] provides a new 
system to explore electron dynamics by magneto-optical 
excitations which is essential for the eventual application in 
practical devices. The radius of flat double rings is about 
100nm with thickness approximately 3nm. Therefore carriers 
are coherent all throughout these small geometries, and 
localization evidence of excitons in concentric QDRs would 
be revealed on PL images.    

In semiconductor heterostructures, the Rashba SOI is 
caused by the structure inversion asymmetry of the confining 
potential of the 2D trapping well, whereas the presence of 
Dresselhaus SOI is due to the bulk inversion asymmetry and 
the interface inversion asymmetry. The contributions 
associated with RSOI and DSOI are remarkable compared to 
atomic systems and are adjustable through carrier 
concentrations hence make these nano structures bearing 
great potential in realizing spintronics.      

In this project we investigated SOIs on MO properties of 
excitons in a semiconductor double-ring threaded by a 
perpendicular magnetic flux. While the AB effect of a neutral 
particle was naively suggested never to exist, experiments in 
recent years [2] nevertheless verify the theoretical 
predictions [3] and attract much attention to rethink about the 
phenomenon. From oscillatory MO and PL spectra, we found 
the coherent behavior of the exciton motion would directly 
determine the AB effect and classification of persistent 
currents. The main purpose of this work is to establish a 
theoretical approach that provides an opportunity in realizing 
quantum switch and current generator via coherent control of 

excitons with optical instrumentation.  
 

2. Theoretical Models 
The Hamiltonian of an exciton in a 2D QDR threaded by 

a perpendicular magnetic field with the presence of RSOI 
and DSOI can be written as   

௫ܪ   ൌ ሾି୧ఇ՜ା ՜ሺ՜ሻሿమଶכ  ሾି୧ఇ՜ି ՜ቀ՜ቁሿమଶכ  ୫ܪ  ୫ܪ 
୲ܸ୰ୟ୮  ୲ܸ୰ୟ୮  ୱ୭୧ܪ  ୱ୭୧ܪ  ୡܸ୭୳୪ ቀݎ՜,   ՜ቁ,            (1)ݎ

 
in which ܪ୫ሺሻ  are Zeeman effects, ୲ܸ୰ୟ୮ሺሻ  are trapping 
potentials, 
ୱ୭୧ܪ   ൌ ఒವ ሺ௫ߪ௫ െ ୱ୭୧ܪ  ;௬ሻߪ௬ ൌ ఒೃ ൫௬ߪ௫ െ  ௬൯  (2)ߪ௫

              

are DSOI and SOI respectively, and ୡܸ୭୳୪ ቀݎ՜,  ՜ቁ denotesݎ
Coulomb potential. The independent system can be 
diagonalized in the Sz subspace by applying unitary 
transformations setting      ܷ ൌ expሾെ݅ ݉כଶ ߪݕோሺߣ ௫ െ ௬ሻߪݔ െ ݅ ݉כଶ ߪݔሺߣ ௫ െ  .௬ሻሿߪݕ
Then the wave functions of electron and hole are given by 
 ߰௨ሺݎ՜ሻ ൌ ሾ߶՛ሺݎሻ െ ݅ כమ ሻሿ݁୧Mథݎ݁୧ம߶՝ሺݎߣ ,    ߰ௗሺݎ՜ሻ ൌ ሾെ݅ כమ ሻݎ݁୧ம߶՛ሺݎߣ  ߶՝ሺݎሻሿ݁୧Mథ ,    (3)  ߰௨ሺݎ՜ሻ ൌ ሾ߶՛ሺݎሻ  כమ ሻሿ݁୧Mథݎ݁ି୧ம߶՝ሺݎோߣ , ߰ௗሺݎ՜ሻ ൌ ሾെ כమ ሻݎ݁ି୧ம߶՛ሺݎோߣ  ߶՝ሺݎሻሿ݁୧Mథ .   (4) 

 
In writing Eq. (3) and (4) we have assured the commutation 
property [Jz, H] = 0 in the rotation frame for both particles.   
Assuming the exciton wave function is to be constructed via 
linear combination of that of electron-hole pairs, the total 
system including Coulomb interaction is then solved in the 
exact diagonalization scheme.  
  The MO properties can be investigated firstly by 

NUSOD 2015

153978-1-4799-8379-7/151$31.00 ©2015 IEEE



calculating the transition rate ՜߁ ൌ
where ߱ஒ  is angular frequency be
eigenstates and ݎஒ is the matrix element un
operator   
 ܲ ൌ ∑ ݁̂ఒற ݄ఒᇱறఒఒᇱ  ሻࡾሺכఒᇲܨሻࡾሺכఒܨ ࡾ݀  d࢘௨௧ࢋࢉ ࢘݁ 
 
defined in terms of correlations between en
and Bloch functions of conduction and valan
indicates that the recombination of electro
vacuum state may be observed if the
conservation of spin and orbital angula
fulfilled which restrict possible contributors
provided that the angular momentum of exc
electron and hole possess opposite spins. 
intensity in finite temperatures can be expres
 

ܫ        ൌ ∑   ݁ିாೕܫ ಳ⁄ ்/ ∑   ݁ିாೕ ಳ⁄
where Ij includes recombination from all o
some ߔ . The circulation of charge parti
persistent currents and the charge and spin 
can be written as         ݆ሺ࢘ሻ ൌ     ,ሻሿ࢘ሻ νො ߰ሺ࢘Reሾ߰றሺݍ

      ௦݆ሺ࢘ሻ ൌ Reሾ߰றሺ࢘ሻ νො̂ݏ ߰ሺ࢘ሻሿ.    
Consequently the circumference current is shܫథ ൌ ߨ1/2  ݀߶  ሻమభݎథሺ݆ ݎ݀ . 
In the 1D-ring, it is found that charge current
equivalently to the negative derivative of theܫ ൌ െ߲ܧ ⁄ߔ߲ . Then the measurement of p
another manifestation of AB speciality.     

 
3. Results and Discussions 
 

(a) (b) 
 
 

 
Fig.1 Sketch of the double-ring system representing (a) 
(b) coherent motion 
 

 

Fig. 2 Energy spectra of coherent-moving exciton in the
SOIs  
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మఎయఠಉಊୡయ ஒ|ଶݎ| ,     
etween exciton  
nder polarization 

  ሻ (5)࢘௩ሺݑሻ࢘ሺכݑ ࢘

nvelope functions 
nce bands. Eq. (5) 
on and hole to a 
e conditions of 
ar momenta are 
s to PL spectrum 
citon is zero and 
And finally PL 

ssed as  

ಳ்,      (6) 
open channels at 
icles may bring 
current densities 

        (7) 
        (8) 

hown to be 

t is simply 
e eigen energies 
eriodic ܫ is 
 

incoherent motion; 

 
e absence or presence of 

ble-ring threaded by 
t if the electron and 
xciton ground state 
function of ߔ ൌ ୦ୡୣ, 

but its angular momentum Lz
no predicted AB feature.  
creation of a coherent-mov
threading region do success
was supposed impossible to o
mechanism behind can be con
electric dipole moving in the
geometric phase and is called
[4]. We show in Fig. 2 the 
coherent-moving exciton in 
Here we also ground the energ
  The presence of magneti
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even including SOIs. Therefo
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Fig. 3 Normalized PL spectra at T=0.
0.2K(blue)  
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